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2. Abstract

TheDNBSyYyk5dzol YAaAaK WADGSNI 6 6SNEKSR A4 ARSYUGATASR 2y
50 different pollutants (including toxic and conventional parameters) under the Clean Water Act (CWA).
Portions of the study area are also on the Nation@tRies List and are in various stages of sediment

cleanup under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) or
Superfund, and Washington State Model Toxics Control Act (MTCA) programs.

Washington Department of Eloy (Ecology) and the U.S. Environmental Protection Agency (EPA) are
developing a Pollutant Loading Assessment (PLA) to understand the relationship of water, sediment, and
fish tissue quality to the overall health of the Green/Duwamish River watershet@mdr Duwamish
Waterway (LDW) in Washington.

A group of linked modeling tools are proposed for development as part of the PLA focusing initially on a
number of toxic pollutants including a diverse mix of lipophilic chlorinated hydrocarbons
(polychlorinaed biphenyls [PCBs]), polycyclic aromatic hydrocarbons (PAHSs), phthalates, and metals.

The purpose of the PLA is to address water, sediment, and tissue quality impairments (i.e., 303(d)
listings under the CWA) in the Green/Duwamish River watershed, ingltigé LDW, as appropriate, to
attain designated uses. It is a tool for evaluating the effectiveness of sediment cleanup and associated
source control efforts in meeting water quality standards. It is also designed to predict bioaccumulation
of pollutantsin the food web.

This projectvasinitially developed by Tetra Tech under the contract with EPA. Due to the
discontinuance of funding from EPA, Ecology has taken over and led thelimpzim since 2018This
Quiality Assurance Project Plan (QAPBYik upon the previous PLA QAPRtra Tech, 2016nd model
development publications developed by Tetra Tech. This @fdRRlesupdatesto the toxicmodeling
parameters andhe approachfor the watershedand the receiving water modelinghe projecteam
expecs anupdateto this QAPRgainin the futureto specifythe management scenarios ftre
receiving water model anthe modeling approach fothe food web model.
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3.Background

3.1 Introduction and problem statement

The Green/Duwamish Rivefatershed provides habitat for wildlife, birdsnd fish, including three fish
aLISOASE fAAGSR a4 AGKNBIFGGSYSRé dzyRSNJ 6KS 9y RIy3ISN
Steelhead, and Bull Trout. The Green/Duwamish River watershed includes treitamahding the

Green River and the Duwamish River, as well as the land surrounding all of the tributaries that drain to

the Greenmand Duwamish Rivey includingHdamm CreelkBlack River, Springbrook Creek, Mill Creek, Soos
CreekCrisp Creelewaukum Crek, andChristyCreekand their tributaries

Thelower fivemiles ofthe Duwamish Riveknown as the Lower Duwamish Waterway (LDW), is now
largely an engineered channel. Decades of industrial activity in the lower watershed have contaminated
portions ofthe surface watergroundwater, soiland sediment with a variety of pollutants. Remediation

of contaminated groundwater, spind sediment is being planned, is uneaey, or has been completed

at numerous locations along the LDW undlez supervision ofederal and state authorities. A large

scale Superfund #waterway cleanup, involving sediment dredging, cappamgl other remediation
techniques, will occur over the next ten years in the lower fivkes of the river.

In contrast to the sitespecific f@us of state and federal cleanup programs, the Clean Water Act (CWA)

looks broadly at the cumulative water quality effecf pollutantson impaired watersheds. This CWA

requirement is implemented through a series of steps, beginning with developmerdtef\wwater

jdzt t Ade adkyRFNRA® 21 GSNJ ljdzZt f AGe adl yRINRa Sadlof
fishing, shellfish harvesting, swimmiragnd the ability to support aquatic life. Each state adopts criteria

to protect the designated uses. CWéc8on 303(d) requires that states identify those waterbodies

GKSNB GKS gl GSNIljdz- t A& ONRGSNRAI oO0FYyR GKSNBFTF2NB
waters is referred to as the 303(d) list.

Washington Department dEcologyEcology has identified impairments in the water column, fish

tissug and sediment in the Green/Duwamish River watershed. While thvesiterway cleanup and

source control efforts will substantially improve the quality of LDW sediments and surface water, and

reduce the sefnod consumption risk by about 90%, some Cké&ed impairments may remain

following the LDW cleanup. Both the U.S. Environmental Protection Agency (EPA) and Ecology recognize
the need for a scientific approach that can predict short andH@ng improvemaents in water and

sediment quality, and can subsequently predict the level of contamination in fish tissue over time, as

different cleanup and restoration scenarios are implemented.

Sate and federahctionsto clean up historical contamination and testore water quality in the
Green/Duwamish River watershed are complimentary efforts aimed at a common goal: protecting
human health and the environment. Remediation of contaminated sedimentsasdilgroundwater in

the LDW will help restore water quiglj while reduction of pollutant loading throughout the watershed
will help protect sediment quality and aquatic habitat in the LDW. Ultimately, successfully integrating
state and federal efforts to improve both water and sediment quality will make the progress

toward attaining designated uses, including reducing the bioaccumulation of toxics in the food chain.

The purpose of this report is to outline a proposed comprehensive and quantitative geographically
based pollutant loading assessment (PLA) toothe Green/Duwamish River watershed, the essential
elements of which are described below. A considerable amount of monitoring, modeling, cleanup and
restoration work has already been done by local governments, interested patidsegulatory
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agences (e.g., Ecology, 2012b; AECOM, 2012a). This report identifies these previous and ongoing
efforts, and is designed to incorporate these efforts into a proposal for future work in a way that best
represents the complex dynamics of the Green/Duwamish Riaégrshed.

The PLA modeling approach consists of a linked watershed/receiving water/food web modeling system
describinghydrology hydraulics, hydrodynamics, and pollutant loading in the Green/Duwamish River
watershed.The PLA tool will represent sedimerdansportprocesses, such as sediment buildup, washoff
resuspension and sedimentation, as well as the dominant processes affectipglitiant fate and
transportthroughout the watershedThe originalproposed omponentsincludea Loading Simulation
Pragram- C+HLSPPwatershed model, thé&nvironmental Fluid Dynamics Cq@#D{receiving water
mode, and the Arnot and Gobas foeeeb model(FWM).The watershed modeling component was
changed to the Hydrologic Simulation PrografRORTRAMHSPF) followorecommendations of the

project team(details of the model conversion are described in Section 7)

The objective othe PLASs to dewelop anassessment tool that considers existing watershed and receiving
water conditions, as well as ongoing and fututp&fund and MTCA cleanup efforighetool can be
used toassespotential recontamination of postleanup sediments from incoming loads from the entire
drainage area, including all lateral loads to the LD¥yrove the effectiveness of the sedimammedial
actiort and address CWA water, sediment, and tissue quality impairments in the Green/Duwarsish Riv
watershed, including the LDWhe assessment tool can also help identify required load reductions from
various sources in the watershed to addr@apairments in the receiving watefheassessmenttoolcan
o : ; : — ate L . and can

The PLA tool can be ustxlassist with the following needs:

1 Understand the pollutant loading associated with point soutaed the uncontrolled release of
chemical pollution from diffuse sourc#sroughout the watershed.

Compare different pollutant reduction alternatives to alléev more informed decisiomaking.

Predict the resulting shoraand longterm improvements in fish tissue (within the LDW), water
column and sediment quality throughout the watershed.

I Minimize recontamination of post cleanup sediments and improve tfecdfeness of natural
recovery.

1 Support adaptive management over time in response to measured progress in meeting water
quality targets.

3.2 Study area and surroundings

The Green/Duwamish River flows for over 90 miles from the Cascade Mountains befirardingnto

Elliott Bay near the City of Seattle in northwest Washington STdtis drainage, whicimakes upnost

of Water Resource Inventory Area (WRIAN@ludes the direct lateral flows to the LDW, and represents
the completestudy areaModelingof the watershed and LDW is proposed at two general scales for the
PLAthe LDW receiving water and the Green/Duwani$herwatershed.The approach is designed to
addresssources throughout the Green/Duwamish River waterstied affect water, sedimentand

tissue quality in the LDY&ddress the CWA 303¢i3ted impairmentghroughout the watershedand
minimizepostcleanuprecontamination of sediments in the LDW. The geographic scope is discussed and
illustrated below for both the LDW and the Green/DamishRiver watershed.
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The LDW is of particular interest foligfPLA as it is the focus of many source control and sediment
cleanup effortslt is a fivemile, 44%acre waterbody located at the terminus of the Gré@awamish

River watershedThe LDW iseafined as the stretch of water between the turning basin ngat02nd

Street Bridgeand the southern end of Harbor Islar€igure ). It is a stratified saltwater wedge estuary
affected by both tidallynfluenced Puget Sound saltwater and freshwater indrom the

Green/Duwamish River watershed. It is a navigable waterway and supports associated boat traffic and
robust industrial commerce. Additionally, the waterway serves as a migratory pathway for numerous
fish, including the threatened Puget Soundr@ok salmon and bull trout. Several neighborhoods are
also located nearby (South Park and Georgetown), with a mix of residential, commercial, recreational,
and industrial activities.

Elliott Bay

: «.-Lake
¥ Washington

N

Figurel. Extent of the Lower Duwamish Wateaw

The LDW is at the mouth of the Green/Duwamish River watershed. Consistent with geographic
information system (GIS) layers from King County, the Green/Duwamish River watershed area has been
divided into four primary subwatersheds for consideration:
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1 Duwamish Estuarfrom Elliot Bay/Harbor Island toiver mile (RM)L1.0 at Tikwila near the
confluence with the Black River (22 square miles of industrial and residential areas; includes
lateral loading to portion of the Duwamish River downstream of tlaelBRiver as well the
LDW);

1 Lower Green Rivérom Tukwila(RM 11.0¥o Auburn NarrowgRM 320) (nearly 64 square miles
of residential, industrial, and commerciahd use¥

1 Middle Green Rivdrom Auburn NarrowgRM 320) to the Howard Hanson Da(RM 61.5)

(nearly 180 square miles of residential, forest, and agricultural land uses); and

1 Upper Green Rivémom the Howard Hanson Dam to the headwat&80 square miles of mostly

forested land)

Tributaries in hesesubwatershed includethe Black RiverMill Creek,Soos Creek, Newaukum Creek,
and manyother smallercreeks

The LDWithe receiving waterbody of primary conceis located within theDuwamish Estuary
subwatershed. Direct loading from this subwatershed to the LDW and additional combined sewer
overflow (CSO) loading from the sewershed will be considered in this technical approach along with the
comprehensive loadings from sources in the three upstream subwatersheds (Lower, Middle, and Upper
Green subwatersheds). This waterskemksed geographiepresentation allows for quantification of all
sources associatadith LDW and other Green/Duwamish River watershed impairmentsaandunts

for the connectivity to Elliott BayLoadngs from the land or direct discharges to tBast and West
Waterwayswill also be included into the technical approachfasy impact conditions in the LDWa

tidal processes. Ultimatelyhé connection to downstream receiving waters streamlines expansion of

the approach taaddressmpairments in the East and West Waterwagsiell as Elliott Bay in the

future; however, specific details on other cleanup efforts in and around these waterbodies will not be
included in this QAPP.

3.2.1 History of study area

The Green/Duwamish River watershed, located partially in Seattle, Washjigas historically provided
habitat for fish, birds, and wildlife with its marshes and mudflats, but development has increasingly
stressed the lower region of the basin and reduced the natural environment. In the 1890s, raw sewage
and stormwater emptiednto the Duwamish River, Elliott Bay, and Puget Sound. In the early 1900s, with
the expansion of waterway commerce, industrial development and pollutants associated with this waste
were also introduced to these waterbodies. During this time the estudgfands were filled in and the

river was modified to serve the growing industrial and port activities.

The downstream area, known as the Lower Duwamish Waterway (LDW), is now a largely engineered
channel. Conditions subsequently deteriorated; however,#860s saw increased environmental
awareness and action, witiheatment plantsbeing required to address industrial effluent and sewage.
Contaminated soil, groundwater, and sediment remediation efforts are being conducted along with
habitat restoration. Sice the turn of the century, regional agencies have emphasized current and future
actions, with both sediment investigation and cleanup as well as source control activities. Considerable
resources have been utilized to characterize and prioritize thesaafg restoration, and source

control efforts.
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Figure2. Green/Duwamish River watershed

3.2.2 Summary of previous studies and existing data

EPA and Ecology began planning for the Green/Duwamish River PLA imRidl8:ork wasdevoted to
developing a Technical Approach document (Tetra Tech, 2014).

In June 2015, Tetra Tech provided a technical mamdumthat documened their findings on
Green/Duwamish River Watershed Rlafa gaps andpollutant groupings(Tetra Tech, 2015bh this

memo, Tetra Tech provided a discussion on pollutant behavior and grouping recommesdatio

candidate pollutants and data or knowledge gaps for the PLA model construction and source attribution.

In June2016, Leidos developethe GreenDuwamish Rier Watershed PCB Congen&udy Phase 1
report for9 O 2 f ZaRiés Cldanup Prograineidos, 2016)Thereport provided a concise summary of
available information on PCB congeners and Aroendidentified important issues to consider when
evaluatinghistorical PCB congener and/or Aroclor data or when collecting new data. In addition, this
report compiled available PCB congener data in the GE@namish watershed including any available
information on data quality. This provided a Isfer the WaterQuality Database for the watershed.

In July 2016, Tetra Tech published the first versiah@QAPP under contract with EFPetra Tech,
2016) That QAPP provided a general description of the modeling and associated analytical work that
Tetra Techwould perform for the project, including following data quality objectives (DQOs) and quality
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control (QC) procedures to ensure that the final product satisfies EPA requirements. That QAPP also
addressed the use of secondary data (data collected for anotherogerpr collected by an organization
or organizations not under the scope of this QAPP) to support model development and application.

In February 2017, Tetra Tech documented the development and calibration of hydrologic simulation
models for the Green/Duwarsh River watershed in a LSPC model development and calibration memo
(Tetra Tech, 2017Thememodescribegshe model setup procedures and data sources, including
information on subbasin and reach delineation, development of upland hydrologic responsendit
calibration of the model for hydrology.

In June 2017, eidos completed Phase 2 of the PCB congener study, fundecolbygy(Leidos, 2017)

This study identified the types of contaminant sources that are contributing to the PCB pollution in the
Green/Duwamish River and the LDW using mudtiiate statistical techniques. It provided
recommendations about which PCBs to model in the PLA and thahthe most abundant homologs
across water, sediment, and biota compartments are the tefpanta, hexa, and hepta homologs.

In March 2018, Tetra Tech convertirk LSPF model back to HSPF under the directitimegiroject
team and documented the changes in the Grd@mvamish River Watershed HSPF models m@ratra
Tech, 2018)The memo includes modelgtform conversion, temporal extension, delineation and
hydraulic refinements, and the addition of the sediment simulation.

In April 2018 Leidos developed a Green/Duwamish Watershed Water Quiditybase to support the
PLA(Leidos, 2018)The databaswas created based oan existing database previously developed by
Leidos. This task also provided an early look at the spatial/temporal patterns and gaps in the data during
the modeled time window.

The PLA iseing developed y LJ- NI £ £ St gAGK (GKS 9t ! Q& { dzLISNFdzy R L
2 GSNBlLex 902f238Qa dzLX YR aAGS NBYSRAFGAZY LINB2S
Overflow (CSO) control projects, and other studies within the Green/Duwamish Rieformation

generated by these activities will be considered for use in the modeling effeetgoal of the PLA model
development is to incorporate, to the extent feasible, all available data and knowledge of the system into

the models.

3.2.3 Parameters of interest and potential sources

There are over 250 waterbody segmeatllutant combinations on the 2012 303(d) list in the study area.
These include impairments for sediment, tissue, and water for over 50 pollutarasidition, he
SuperfundProposed Plan (PR)entified pollutants that are the primary human health ridkivers based

on the human health risk assessment (HHRA) conducted as part of the remedial investigasiengl)
as ecological risk drivers.

Based on the discussion withe project team, all the compliance end points (inchgthe water quality

and sediment standasj will be based on total PCBwhich is the sum of all congeneihe modeling

team proposed to simulate total PCBs and use the phydieonical propertiesrom a selected group of
homologs which are groups of PCB congeners with the same number of chlorine atoms in the molecule.
The selected groups of PCB homologs considered for modelling inckidedpenta, hexaand hepta.

This is the only change from the origitiat of candidate chemicalscluded in theprevious QAPPTable

1).
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Tablel. Final chemicals and groupings selected for modeling

Parameter el e Food Web Issues Decision
Transport

PCBs Y Group of 209 congeners Simulate Total PCBs
with a wide range of and use the physico-
chemical properties. chemical properties from

the selected group of
homologs (tetra-, penta-,
hexa-, and hepta-
homologs) for modeling.

Carcinogenic Y Group of 8 chemicals with Simulate cPAHs as a

PAHs (cPAHS) differing properties. group with approximated

characteristics; reassess
based on data analysis if
necessary.

Dioxins/Furans NA Data are limited; simulating | Delay modeling until
only 2, 3,7,8-TCDD will not | additional data are
represent full toxic potential | collected. (Model
associated with this group. | structure for PCBs will

also work for
dioxins/furans.)

Arsenic N Determination of natural Simulate inorganic

(inorganic) background concentrations | arsenic only using a
may be an issue. simplified mass balance

approach.

Phthalates N DEHP was suggested as a | Simulate DEHP and use
surrogate for other as a surrogate.
phthalates.

Rapidly metabolizes in fish
tissue, not a food web
concern.

Copper N Aquatic toxicity evaluation Simulate dissolved and
requires dissolved sorbed inorganic forms
concentration. using USEPA translator

guidance (1996)
methods adjusted to
local data.

Zinc N Aquatic toxicity evaluation Simulate dissolved and
requires dissolved sorbed inorganic forms
concentration. using USEPA (1996)

methods adjusted to
local data.

Mercury NA Lack of data for Do not model mercury at

methylmercury hampers
evaluation of fate,
transport, and
bioconcentration potential.

this time.
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3.2.4 Regulatory criteria or standards

Numerous targets exist for several different media in the LDWthadontributing watershed. Ongoing
and future cleanup and source control efforts to address water column, sediment, and tissue
contamination can be supported by the technical approach described iIQ&HRP A properly designed
and applied technical approaghovides a sourceesponse linkage and enablestimationof existing
and potential futureloadings as well as théistribution of loads among sourcesd pathwaysThe
estimated loadingsvill be used as indicatofer the attainability of designated usesT'he technical
approach must enable direct comparison of model results tsti@am water sediment and tissue
concentrations Senariosthat simulate reductions associated wisiedimentcleanup source contrgl
and regional toxics reductioefforts canbe run, evaluated through timeand compared to the various
water and sediment targetsy changing input values for different model parameté&sod web
bioaccumulation modeling will be performed to evaluate the relationship between water and sediment
targets with tissue concentrations aquatic life. For the watershed and receiving water loading
analyses and for future implementation activities, it is also important that the framework enables
examination of pointsource and land use loadings as well astiram concentrations.
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4. Project Description

In this section, both the project goals and objectives will be discussed. The differences between the
project goals and the objectives artiie project goals describe the intended use of the tools developed
by the project team and what are the goals will be aetithrough the use of the toolshe project
objectives are thevhat kind of tools will be develop to achieve the goals includirgréguirement of

the tool capability and questions that will be addressed.

As described earlier, the PLA utilizegraup ofthree linked modeling toolsthe watershed model, the
receiving water model, and the food web model. This QAPP addressesttiiedl modeling objectives
and management scenarios ftite watershed modetnd these argrovided below. The project team
will provide detailed modeling scenarios ftye receiving water modke and background and calibration
information regarding the food wemodel in future QAPP revision.

4.1 Project goals

4.1.1 PLA project goals
Thegoalsfor the Green/Duwamish River watershed PLA modeling are to:
1 AddressCWA303(d) listings relat to water, bed sediment, and tissue concentratians

1 Protect investment i DW cleanuplifnit recontamination potentialunder CERCLA

1 Develop watershed, receiving water, and food web toolddscribe source, transport, and fate
of subject pollutantscompare model output to environmental quality targgtand facilitate
evaluaton of management action

4.1.2 Watershed modeling goals

Watershed modeling will assess the effectiveness of potential mitigation strategies meaauiutce
contaminants within the Lower Duwamish Waterayd support clean water and a healthy habitat
within the contributingwatersheds. The modeling framework Mglipport the needs as presented by
stakeholders in the GreduwamishRiver watershed and the LDW. These needs are multifaceted and
have evolved over time as the sources of contaminagind their impacts on the habitat and aquatic life
healthare better understood.

The watershed modeling framework is designed using four themes:

(1) Leverage past efforts as appropriate to support a esféective process

1 Decisions on which numeric targets to apply have not been made. Discussion on potential targets was provided in the
Technical Approach document (Tetra Te2bil4).
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(2) Integrate with current com@mentary modeling efforts (internal and external to the
project)

(3) Provide thenecessary tools to characterize a highly complex physical landscape in a simpler
guantifiable way

(4) Be adaptable to allow for future assessments

Thefinala St SOGA2Yy 2F dzaAy3 | 4 SNEKS RHydrobGcSimulgtiin T NI Y S ¢
ProgramFOR RANHSPF) supports all four themes described above.

4.2 Project objectives

4.2.1 PLA project objectives

The objective of the PLA is to develop an assessment tool that considers existing watershed and receiving
water conditions, as well as ongoing dature Superfund and MTCA cleanup effofithe tool must be
capableof assesmgthe pollutant contributionof a specific point odistributednon-point source to the

total pollutant water concentration whichwill allow determiration ofeach sourc@ load contribution to

the total load.In general, he tool will be used to assessurceloadreductionsneededto reach CWA

water, sediment, and tissue qualityiteria. Forexample, thetool couldbe used to assess potential
recontamination of postleanup sediments from incoming loads from the entire drainage area, including
all lateral loads to the LDW) evaluate andmprove the effectiveness of the sediment remedial action;
and addressind predictCWA water, sediment, and tissue quality impairmentthe Green/Duwamish

River watershed, including the LDWhe assessment tool can also help identifyuiredload reductions
from various sources in the watershed and the receiving wdteesidress imparimentsand can be used

to estimate loadings duringnd after sediment cleanup.

The PLA tool can be used to assist with the following needs:

1 Understand the pollutant loading associated with point souraed the uncontrolled release of
chemical pollution from diffuse sourcésroughout the watershed.

Compare different pollutant reduction alternatives to allow for more informed decigiaking.

Predict the resulting shoraand longterm improvements in fish tissue (within the LDW), and
water column and sediment quality throughout the watershed.

1 Minimize recontamination of post cleanup sediments and improve the effectiveness of natural
recovery.

1 Support adaptive management over time in response to measured progress in meeting water
quality targets.

4.2.2 Watershed modeling objectives

4.2.2.1 Watershedmodeling questions

Objectives are largely driven by the questions being asked. The substance of the questions helps define
what types of data are needethe extent of the datathe spatialand temporalresolutiors, as well as
the physical processes and meciisms.These araliscusedin the next section.
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Below are a series of questisthe modeling team will considemostof whichhave beerdeveloped by
stakeholders in the Pollutant Loading Assessment project.

(1) What is the contribution of a contaminant froamidentified point source (or sources) in the
watershed?

(2) What is the contribution of a contaminant from different land uses that are-poimt
sources?

(3) What is the contribution of contaminant loadings coming freboveHoward Hanson Dam
versusdownstreamsource®

(4) What is the atmospheric contribution of a contaminant to the receiving waterbodies?

(5) What is the contribution o contaminant from groundwater?

£A(6)  What would be theminimumreduction of norpoint loadings in the watershed to
achieve the stated goais the LDV?

£8)(7) Can we model multiple pollutants at once?

{9)(8) How do lakes/wetlands influence the fate and transport of the pollutants?

E il el I " " o7

{41Y9) What is the rank of pollutant contribution among point sources and-poimt sources?
{A2Y10What are the different methods of treatment that might be modeled?

4.2.2.2 Watershedmodeling objectives

The watershed model integrates atmospheric conditions, the physical landscape, ambhation
sourcesvary over timeThe asign and development of the watershed modeling will need to achieve
three objectives:

(1) Provide boundary conditions for LDW modhgjiand analyses

(2) (haracterize the watershed to estimate loadings from pollutgaherating sources arid

identify and quantify the pathways pollutants talee-pathways-poliutants-cantake

(3) BEvaluate the effectiveness of proposed mitigation strateg@sch as permitting, CSO
control, building materials removal, variety BMPs and etc..

Specifically, the modeling will fdlatagaps in space and time thate not feasible to bdilled through
monitoring andwill support evaluation obutcomes from pgsible future actions thatannot be
measured in the present

Results from the modeling walsohelp identify reductions in loading necessary to achieve target
conditionsfor environmental protectionn the LDW.

The modeling capabilities and objectives aeparated into several categorieeluding pollutants
evaluated, study geographic area/spatial scale, characterizing land use/cover impacts, hydrology and
hydraulicinputs, atmospheric inputs, pollutamtansportand fate features, and boundary conaditis

These categories are discussed in more detdibelow.
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4.2.2.2.1 Pollutantsto beevaluated

Themodel will evaluate suspended sediment asetiimentassociated contaminantSuspended
sediment is distributed into three fine grained sedimeaitdsses one norrcohesive (sand) and two
cohesive (silt and clay). Partition coefficients and sorption rates are adjusted based on charagteristic
associated with those grain sizes and covalence interactivity with the contaminants of concern.
Contaminants bconcernto be evaluated in the modéhclude:

9 PCBsusing a weighted averagmefficient for a set of congeners of interest

9 PAHssimulainga surrogate representative af set ofPAHs of interest

1 Arseni¢ simulated asa generalized constituent

1 Zing simulated as dissolved and sorb&xrms

9 Copper simulated as dissolved and sorbkdms
Additionalsimulatedconstituens tobeincluded

9 Water temperature
1 Organic Carbarsimulated as particulate and dissolviEdms
9 Hardnesssimulated as a conservatiy@rameter

4.2.2.2.2 Geographic area and spatial scale of studysa

Analyses of model outputs can be readily performed at the catchment saajeaf the outlet of any
individual catchment or an aggregate thereof) but can include point sources whéatientfinformation
is known and/or estimated.

The watershed basirte be modeledinclude the Green and Duwamish River watersh@te.model
study area starts just below Howard Hanson Dam (which representsdter conditions leaving the
upper watershed bove the damand continues downstream, including lateral areas draining to the
Lower Duwamish Waterway.

Defined catchment areaacluded in the modegenerally range in size from a couplehundred acres
to several thousand acres. Simulated outputs kéllavailable for each of thesatchment areas

4.2.2.2.3 C(haracterizing impacts of land cover and larsg u

Pollutant loadings are affected by land use type. Stormwater runoff and pollutant loadings can be
evaluatedundervarious types of land usmnditions. The model development will account for

watershed areas according to different land use and drainage characteristics. The model will be set up
for existing conditions but can be adjusted to evakidie effects of alternative land cover and lande
scenarios, as needed.

Current land cover and land usenditionsare derived from satellite imagery collected in 2007.
Watershedmodel categories include ten types of land use. Those categories are then partitioned into
pervious and impervious landisaces. Norpollutant-generating impervious surfaces (i.e., roofs) are
separated fronpollutant-generatingimpervious surfaces (e.g., roads, driveways, haedesurfaces,

etc.). Inthe Lower DuwamiskVatershedthe model will reflect the fact thamnuch ofthe land use is
serviced by a combined sewstormwater collection system.

Land use inputs will be adjusted for specific geographic areas, because the same land use type may have
different loading rates in different basins.
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4.2.2.2.4 Hydrology and ydraulics

Measures of water quality that are tirrdependent (e.g., established chronic and acute concentration
thresholds, etc.) can be applied to simulated flow rdtasthe contaminants of concern. 1 Y2 RSf Q&
temporal resolution will support analyses wheaterations of exposure are relevant.

Simulated hourly continuous flow rates will be available at the outlet of every defined catchment in the
watershed model. If other locations become of interest, simulated outputs could be generated (possibly
with somelimitations) for further analyses.

4.2.2.2.5 Atmosphericnputs

Impacts from atmospheric depositiaf pollutantswill be evaluated in watershed modeling results.
Atmospheric loadings can vary spatially and tempypiend will account fospecific land use categories.

Atmospheric inputs are specifically defined by the user and assumed to occur continuously at varying
rates regardless of rainfall and can be defined for any time scale (e.g., hourly, weekly, monthly, etc.).
Background concérations generated from atmospheric loadings can be compared to land use activity
loadings generated during stormwater runoff.

4.2.2.2.6 Pollutant ransport

Stormwater runoff and pollutant loadings are simulatedbe transported from the source t@lsewtere
usingthree possible pathwaysf transportover the land surface:

(1) Fastresponse rain falling on the land surfaaenoff that flows directlyto ditches, streams,
stormwater collection systems, etc.

(2) Moderately fast responserain falling on thdand surfacethat infiltrates into shallow
subsurface soilandreemerges in nearby receiving ditches, streams, etc., and

(3) Slowresponse infiltration of rain falling on the lanihto groundwaterand takng hours,
days, or weeks to reemerge in nearby waterlesd{streams, lakes, rivers).

42227 Pollutant fite

The fate of pollutants will be simulatextcording to their charateristicél) pollutants that bindo and
unbindfrom sediment in the water column and/or stream bed, (2) pollutants that remain irtisolu
and decay over time, and (3) pollutants that are largely-remactive,such thatmass is conserved #se
pollutant istransported downstream.

4.2.2.2.8 Boundary onditions

The vatershed model wiljeneratelateral inputs foruse inthe receiving water body modé&br waters
adjacent to the watershed study area.

As previously mentioned, the upper boundary of the study area starts at the downstream side of the
Howard Hanson Dam (HHD). Tikithusthe upstream boundary of the waterstienodeling network.

For every simulated watershed parameterbe included inthe receiving water body model, there will
be a need to develop eorrespondingime series input into the watershed modehsed orHHD

outflows.
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4.2.2.2.9 Summary of bjectives

For the LDWsources of simulated watershed loading rates into the L&Y¥&from the upstream
boundary conditions in the Green River water column and from adjacent lateral inputs that are
generated from stormwater runoff and from shallow subsurface and iggaater fluxes.

The stormwater runoff loading rates will be based on a bupdand waskoff methodand will be

tailored toland use and geographic location. Transport of the pollutants will include instream processes
associated with deposition and reswsygsion of particulategh sedimentsPotential ®urce control

actions can be applied to stormwater runoff upstream in the watershedaaljaicentto the LDW to
evaluatethe effect on LDWbf reductions in pollutant loading rates.

Lateral watershed model sshbrface flows into the LDW include fluxes of flow rates and loading rates for
contaminants of concern. The two pathwdgs subsurface flow arghallow subsurface inflows

assumed to remerge alonghe banks of the LDW and the active groundwater that interacts with the
river bed. The loading rates are user specified egna be adjusted to fibbserved concentrations within

the water column.

Atmospheric loadings will be dlscretelv evaluated to identify telative contrlbutlon of poIIutant
Ioadlnq to the LD R A

Combinedsewerstormwater systems within the LDW basin are separate from other sources to the LDW
and will be evaluated separately.

4.3 Information needed and sources

The linked models will be developed with the existing body of data for the Green/Duwaaishshed.

The available datasets are sufficient to begin the model development process, but it is unknown if they
will be sufficient for final model acceptance for use in evaluating management scefa@ims Tech has
identified known limitations and gajpin the data in a prior memo (Tetra Tech, 2015b), but the
ramifications of these data gaps on model confidence/uncertainty will not be fully understood until the
model calibration process is underwalyis anticipated that the data gaps in surface wajarlity data

will present a more substantial challenge than gaps in flow data.

The model development process will be conducted in phases, beginningheittydrology and

hydrodynamic modules diSPRand EFD®nce the flow models are complete and wateatjty data

are assembled in a database tool, the project plan includes parallel tasks to develop empirical loading
estimates and to calibrate the water quality modéliese tasks will bring the key data gaps into greater
focus and identify needs for aditinal data collection and other analyses to improve the modsfier
calibration is completed with existing daf@om within the period 199€017) the project team will

evaluate the potential benefits and feasibility of gathering new data and exterkdengnodel

calibration process to incorporate that datany future data collection efforts would be described in a

data collection QAPP, and significant adjustments to the model development process would be captured
in updates or addenda to this QAPP.
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4.3.1 Data summary

The data summaries produced in Tetra Tech (2014), Tetra Tech (2015a), and Tetra Tech (2015b) are not
reproduced for this QAPhstead, a high level summary of the primary data to support model
development is provided.

Secondary data armosedata previously collected under efforts outside the current project that are used
for model development and calibratiomable2Fable2 liststhe secondary sources that may bsed in

model developmentThe sections that follow provide additional details regarding secondary data used for
this task.

Table2. Primary surces of key secondary data

Data Type

Primary Sources

Watershed Model (HSPF)

Tributary and mainstem flow

U.S. Geological Survey gaging (National Water Information System); King
County Hydrologic Information Center

CSO flows

City of Seattle and King County Combined Sewer Overflow (CSO)
monitoring and models

Tributary and mainstem water quality
data

King County, USGS, Ecology

Reach hydraulics and subwatersheds

King County HSPF models, City of Seattle (for areas lateral to LDW)

Meteorology

National Climatic Data Center; King County; Washington State University
Experimental Field Station, Parameter elevation Regression on Independent
Slope Model (PRISM) climate data, North American Land Data Assimilation
System (NLDAS)

Point source information (e.g., permits,
DMRs)

Discharge Monitoring Reports (via Ecology) for non-stormwater discharges
within the watershed

Landcover/land use

King County HSPF model (based on 30-m resolution 2007 satellite-derived
dataset with 14 land use categories from the University of Washington)

Soils

USDA Statsgo

Digital Elevation Models

USGS National Elevation Dataset

Atmospheric deposition

Ecology and King County

Receiving Water Model (EFDC)

Model grid

Existing EFDC models developed by LDWG and King County

Meteorology

Seattle-Tacoma International Airport (SEATAC), National Oceanic and
Atmospheric Administration (NOAA) tide stations

Tide, water surface elevation, and flow

NOAA tide stations, USGS, output from HSPF CSO models/monitoring
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Data Type Primary Sources

Salinity and temperature King County conductivity, temperature, and depth (CTD) sensor monitoring
data
Water quality monitoring data Ecology (Sherlock and EIM), Puget Sound studies, King County

Point source information (e.g., permits, | CSO discharge data from City of Seattle and King County
DMRs)

Food Web Model

Tissue data Ecology (Sherlock and EIM), Puget Sound studies

Media concentrations Output from EFDC

The following sections describe the data needed for each of the three models to be developed.

431.1 Watershed nodel
43.1.1.1 Flow chta

Reliable streamflow data are important teatershedmodeldevelopment calibration and validation.

Flow data at locations within the model domain will be compared against modeled flow to evaluate the
model performanceThe USGS and King County maintain numerous stations (résn/Duwamish

sysem. Inflows at Howard Hansen Dam will also be used as a boundary cond@itietJSGS maintains
streamflow gaige data, which arereadilyavailable through the National Water Information System

(NWIS) accompanied by useful QC informati®@ame additional iw measurements are collected
O2yilAydz2zdzate IyR INB F@FAflFIofS (KNRURBKdatdarg’ 3 / 2 dzy (i
availablefrom the NWIS systemat a daily intervahnd at shorter intervals via the USGS Instantaneous

Data Archivewhile KingCounty data are available at-Binute intervals.Figure3Eigure3 shows the

spatial distribution othe flow monitoring stationsDetails on station namegeriod of recordand other

details are provided in appendices to the Technical Approach (Tetra Tech, 2bad) half of these

provide data throughout a proposed modeling period of approximately 18%.Theflow data should

be sufficient for watershed modeling purpasand to achieve an appropriate representation of system
hydrology When flow data from sources other than USGS and King County gaging and field measurements
are usedPLA modeling teawill review the relevant QA protocols and document the results in the

project report.
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Figure3. USGS and King Counhiydrologycalibrationstations in thestudy area

Auxiliary information for hydrologic calibration is provided by several souRmEsesentativeness of

selected precipitation gages can be checked against PRISM and other gridded precipitation products that

interpolate against topographyAnother important check is provided by satellderived gridded

estimates of actual evapotranspiratioAis the largestraction of incoming precipitation is converted back

to evapotranspirationit is crucial to represerthe total amount and seasonal patteresrrectly. The

NASA/EOS monthilOD16 Global Terrestrial Evapotranspiratidata Sewill be compared to thédiSPF

simulated total evapotranspiration.
4.3.1.1.2 Meteorologicaforcingdata

Meteorologicalforcingdatawill primarily include datdrom the NOARIMCDC surface airwggtations
and King Countgperated stationsAtmospheric forcing data includeecipitation, air temperature,
wind speed, dew point, cloud cover, evapotranspiration, and solar radiation.

QAPPGreen/Duwamish River Watershed Pollutant Loading AssessrbédAFT Page24 ¢Felbruary 2020

Template Version 1.0, 10/07/2016



Figure4. Precipitation andneteorologicalstations in the Greefbuwamishwatershed

Fgure4 shows the meteorological ahprecipitation stations identified in th&echnical Approach

Details on station names, period of recoahd other details are provided in appendices to the Technical
Approach (Tetra Tech, 2014dditional stations were identified in the BASINS datésethe
GreeriDuwamish watershethat can be used tdill spatial gaps in the meteorological datspeciallyin

the Upper Green watershedhe BASINS data also provide additional precipitation gages throughout the
watershed.

Precipitation variegonsiderablyin the greater Seattle region, and the large watershed is subject to a
spectrum of precipitation patterngzor example, annual precipitation records from 12000 in the
central part of the study area at Landsburg show an annual averaggpagon of 56 inches, while
data in the upstream portion of the watershed recorded at Cougar Mountain indicate almost double
that value, at over 100 inches.

In addition to these point observations, high resolution PRISM climate data are availablthtoddbs
of weather data to support the model configuratiorfese data are gridased and cover the entire
modeling areaTheNorth American Land Data Assimilatipstem NLDA¥also provids grid based
climate dataThese point observation data anddjbased data will be used together, artspatial
and temporal coveragwill be sufficient to represent hydrology in th¢SPEomain.
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